The seasonal evolution of chemical and physical water properties as well as particle fluxes was monitored in Sacrower See (northeastern Germany) during two consecutive years (Oct 2003 -Oct 2005 
INTRODUCTION
Reconstruction of palaeoclimatic and palaeoenvironmental information demands a well dated undisturbed archive, feasible proxy-parameters, analytical precision and an understanding of the processes that formed the archive. This is especially the case for stable isotopes and element ratios because these may be influenced by different parameters.
Stable isotopes in biogenic and authigenic carbonates were used for palaeoclimatic reconstructions for decades, mainly in the marine environment (Wefer et al. 1999) , but also from speleothems (e.g., McDermott 2004; Fairchild et al. 2006) , and as well from lake sediments (e.g., Stuiver 1970; Fronval et al. 1995; Teranes et al. 1999a) .
Variations of δ
13
C values of precipitated calcite in general are a reflection of δ 13 C values of the DIC (Dissolved Inorganic Carbon). δ 13 C of DIC is controlled by the isotopic composition of incoming waters, the exchange of CO 2 between lake surface waters and the atmosphere, by photosynthesis and respiration of algae and aquatic macrophytes and by organic matter decomposition (McKenzie 1985; Lee et al. 1987; Teranes & Bernasconi 2005) as well as by carbonate dissolution in the water column.
Primarily, variations of δ
18
O in calcites (δ 18 O ca ) represent changes in the isotopic composition and temperature of the ambient water. Accordingly, they can potentially be used as palaeothermometers, for the reconstruction of changes in the precipitation/evaporation ratio or the isotopic composition of inflows which control δ
O of the lake water (δ 18 O water ; Leng & Marshall 2004) .
The analysis of element ratios like magnesium to calcium (Mg:Ca) and strontium to calcium (Sr:Ca) in carbonates is rare in paleolimnology. They were used first and today still are commonly applied as a paleothermometer in the marine environment, especially from coral skeletons (Beck et al. 1992; Mitsuguchi et al. 1996) . In the past Mg:Ca and Sr:Ca ratios were determined in freshwater ostracod shells where they may reflect water salinity (Holmes & Chivas 2002; Anadón et al. 2007 ). Ostracod Mg:Ca ratios were linked to water temperatures (Dwyer et al. 2002) in environments where Mg:Ca ratios do not change over time. There are very few attempts to compare the results of ostracod elements to authigenic carbonates (Müller et al. 1972; Haskell et al. 1996; Crausbay et al. 2006) . Investigations exclusively carried out on authigenic carbonates are very rare (Lemcke & Sturm 1997; Wick et al. 2003) . δ 18 O, δ 13 C and element ratios of carbonates are influenced by complex and interlinked environmental processes. The interpretation of δ
O values from lake carbonates is based on the assumption of isotopic equilibrium between water and carbonate according to equilibrium fractionation equations determined by laboratory experiments (Tarutani et al. 1969; Kim & O'Neil 1997) . Carbonates do not always precipitate in isotopic equilibrium with ambient waters as they are often influenced by the use of fertiliziers in agriculture (mainly phosphate) of the catchment area. It is essential to determine this individually for each site however, isotopic disequilibrium must not be the case for the whole sediment record. Hitherto, not all reasons for isotopic disequilibrium are clear. Fronval et al. (1995) reported isotopically depleted oxygen isotope values relative to calculated equilibrium values in Lake Arresø, Denmark, which are possibly caused by a high level of eutrophication in this lake. Teranes et al. (1999a) showed that calcites of Baldeggersee, Switzerland, precipitated in isotopic equilibrium during summer only. This was also reported for Lake Neuchâtel, Switzerland (Filippi et al. 1998) . Teranes et al. (1999) could show that the trophic state of the lake and equilibrium/disequilibrium are related.
The study of modern processes enables us to improve our understanding of the formation of annual laminations under varying conditions. It is crucial to understand which of the biological, chemical or physical factors dominate the archived palaeoclimatic and environmental information as these factors may vary considerably from one lake to another.
The annually laminated sediments of Sacrower See are most suitable for such studies as they fulfill most of the above mentioned requirements (undisturbed archive, etc.) and provide a high potential for the investigation of environmental parameters that influence the evolution of isotope ratios of oxygen and carbon as well as element ratios of authigenic lacustrine carbonates.
For the carbonates of Sacrower See, collected in sediment traps, we tried to determine how carbon and oxygen isotopes are influenced by meteorological and lake internal parameters. Meteorological, limnological and geochemical data in combination with isotope data from the GNIP-station Berlin (GNIP: Global Network for Isotopes in Precipitation) enabled us to evaluate which processes control the isotopic composition during different seasons. The isotopic composition of carbonates was compared with air and water temperatures and with Sr:Ca and Mg:Ca ratios in order to ascertain if element ratios and stable isotopes can be used as indicators of past climatic parameters at Sacrower See. In addition, we discuss how dissolution processes and resuspension within the water column influence these parameters. The results of the study will help to understand the paleoclimatic and paleoenvironmental information stored in the sediments of Sacrower See.
Lake description and hydrology
Sacrower See is located in Brandenburg (northeastern Germany) 5 km northeast of Potsdam and 10 km west of Berlin (13.06 °E, 52.27 °N, 29.5 m a.s.l.). The lake is 250 to 500 m wide (mean 400 m), has a length of 2.7 km and is subdivided into three basins (Fig. 1) . A detailed description of the site is given by Lüder et al. (2006) . The lake and its catchment area were formed during the Weichselian glacial period (Marine isotope stage 2). The size of the forested catchment area (35.3 km²) represents the sum of the catchment areas of Sacrower See (7.9 km²) and Groß Glienicker See (27.4 km²). The main tributary is a subsurface inflow with a volume of 0.54 10 6 m 3 a -1 that originates from Groß Glienicker See to the northeast. Mean water residence time of Sacrower See is 12-15 years (Rümmler et al. 1997) . Through an 0.6 km long artificial channel that connects Sacrower See to the River Havel, the lake received high nutrient input during periods of increased water level of the River Havel. It is unknow when this connection was established. Schönfelder (1997) demonstrated that there has been an increasing phosphorus load since the 12 th Century and heavy phosphorus input during the 20 th Century by using diatoms from Havel sediments as indicators. In 1986 the connection to the Havel was blocked by a stop valve to prevent the nutrient flow. Nevertheless, nutrient input remained high because of subsurface and groundwater inflow from eutrophic Groß Glienicker See. At the beginning of the 1990s lake restoration projects were started for Groß Glienicker See as well as for Sacrower See. The hypolimnion of both lakes has been treated with deep-water aeration from 1992 to 1996 in order to stop ongoing eutrophication processes at Sacrower See, which is a nature protection area since the early 1940s (Rümmler et al. 1997) . The sediments of Sacrower See mainly consist of organic matter, calcite, biogenic silica and only a small amount of minerogenic material. They are classified as organicrich calcareous gyttja. Sacrower See has been forming annually laminated sediment since AD 1872 (Lüder et al. 2006) with varves composed of several distinct seasonal layers (Bluszcz et al. 2008 ).
Limnology
Sacrower See is a dimictic and holomictic lake with a maximum depth of 37 m. It has a water volume of 0.0151 km 3 and a surface area of 1.02 km During summer stratification epilimnic temperatures mostly varied between 15 and 25 °C with a maximum temperature of 26.6 °C. An inverse stratification with 1-2 °C at the surface and 4 °C at the lake bottom has been observed only for short intervals between January and March 2004 as well as between February and March 2005 as ice cover is not a general feature in every year (Bluszcz et al. 2008) .
The mean pH for the whole water body varied between 7 and 8. From April to July 2004 and from March to June 2005 epilimnic pH reached values between 8.1 and 9.5. Oxygen concentrations of the surface water were 11-15 mg L -1 during summer. Bottom waters were anoxic except during periods of holomixis (Bluszcz et al. 2008 Bluszcz et al. 2008) . This oversaturation slowly decreased after calcite precipitation started. Two main diatom blooms were determined in Sacrower See. One occurred during spring, consisting of centric diatoms (mainly Stephanodiscus spp.) and one during late summer and autumn established by pennate diatoms like Asterionella formosa and Fragilaria spp. . Smear slide analyses of sediment trap samples revealed high amounts of the calcified green algae Phacotus lenticularis which may represent up to one third of the total calcite flux (Bluszcz et al. 2008 ).
MATERIAL AND METHODS
Samples of settling particles were obtained from October 2003 until October 2005 (observation period of 733 days) with two types of sediment traps. (1) We used six self-made integrating traps (Z1-Z6), each consisting of two parallel transparent PVC-liners, 60 mm in diameter and 650 mm in length with caps at the bottom (active area: 57 cm²). They were moored to a prestretched rope at the deepest part of the northern basin ( Fig. 1 ) in water depths of 5, 13, 20, 25, 30, and 33 m (13°06' E, 52°27' N) . Each trap was attached to the mooring with a clamp at the top and a thin rope at the bottom to ensure an upright position. (2) For detailed high resolution sampling in the hypolimnion (3 m above the sediment-water interface) we installed a sequential sediment trap (S-trap) with a computer programmable sample bottle carrousel (PPS 4/3, 12 sample bottles, Technicap, France) in a water depth of 33 m (active area: 500 cm²). Trap exposure times varied between 3 and 14 days for single S-trap intervals and between 47 and 131 days for Z-traps. Altogether, we recovered 120 S-trap samples and 59 Z-trap samples during ten field campaigns. Samples have been decanted and freeze dried for 72 hours. Sediment fluxes were calculated (Eq. 1) with the active area defined as the open surface of the traps (funnel or cylinder) according to:
(1 Additionally, six thermistors (Minilog, Vemco, Canada) were attached to the mooring in water depths of 0, 5, 10, 13, 16, 20 , and 33 m to study the mixing regime of Sacrower See. The topmost thermistor was fixed to the deep water aeration installation (not operating) just below the water surface and considered as 0 m. All thermistors logged water temperatures at 30 minute intervals. For detailed results of the temperature analysis confer to Bluszcz et al. (2008) .
A total of 137 water samples have been taken with an Uwitec water sampler (5 l, Uwitec, Austria) in depths of 0, 2. 5, 5, 7.5, 10, 15, 20, 25, 30, and 33 Lake water samples from the northern basin and 2 groundwater samples from the western shore of the lake were analyzed for their oxygen isotopic composition at the Environmental Institute of the Research Center Jülich (Institute of Chemistry and Dynamics of the Geosphere) in accordance with IAEA (International Atomic Energy Agency) guidelines. 1 µL aliquots of water samples were pyrolized at 1450 °C in a high-temperature (HT) oxygen analyzer (HEKAtech) and flushed online in He-carrier-gas to an Isoprime (GV Instruments) isotope ratio mass spectrometer. After removing reaction gases, the isotopic composition of the generated CO was measured and expressed in terms of δ-values as per mill deviations from the international VSMOW (Vienna Standard Mean Ocean Water) standard. Analytical precision of the δ 18 O water measurements was within 0.15‰. Carbon and oxygen isotopic composition of carbonates from sediment trap material were also measured at the Environmental Institute of the Research Center Jülich, Germany. The sediment trap samples were pretreated with NaOCl (6-14% active chlorine) to remove organic material. Then they were reacted in orthophosphoric acid at 90 °C for at least 1 hour. Isotopic ratios of the CO 2 gas were then measured on-line by an Isoprime (GV Instruments) mass spectrometer. Isotope composition is expressed in the δ notation as per mill deviations from the international VPDB (Vienna Pee Dee Belemnite) standard. Analytical precision based on routine analysis of an internal reference standard (Carrara Marble) was within 0.15‰ for δ 18 O ca and 0.1‰ for δ 13 C. Equilibrium oxygen isotopic composition for Sacrower See carbonates was calculated using the ambient water temperature of the precipitated carbonates, the isotopic composition of the Sacrower See surface water and the revised temperature dependent oxygen isotope equilibrium fractionation equation between calcite and water from Kim &O'Neil (1997) The elemental composition of carbonates (a mixture of bioinduced calcite and phacotus shells) was determined after a modified method described by Lemcke & Sturm (1997) . We used an acetic acid disintegration (AAD) method to dissolve only the carbonate fraction of the sediment trap samples. 5 ml of 0.35 mol L -1 acetic acid was added to 25 µg of freeze-dried sediment. The samples were disintegrated in 20 mL pre-cleaned centrifuge tubes under constant shaking for 120 minutes. The suspension was cleared by ultra centrifugation at 4472 G for 10 minutes. 1 mL of the clear supernatant was added to 0.5 ml of HNO 3 (conc) and 15 mL of doubly distilled water into a 30 ml Sarstedt PP-tube. The elements Ca, Mg and Sr were determined simultaneously on an IRIS Intrepid ICP-OES (Inductively Coupled Plasma Optical Emission Spectrometer) at the Geosciences/Glaciology Section of the Alfred Wegener Institute for Polar and Marine Research in Bremerhaven, Germany. Three internal standards were measured every ten samples for quality control. Precision was <0.5%rsd for Ca and Mg and <1.5%rsd for Sr. Element amounts in mg L -1 were used to calculate ratios by considering molar masses and multiplied by 1000 to simplify presentation.
RESULTS

δ 18 O of lake water, groundwater and precipitation
The oxygen isotope composition of the lake water 18 O values within the water column was not so uniform. An overall evaporative increase of 0.6‰ occurred during summer. δ 18 O p from the GNIP-station in Berlin showed a weighted mean of -7.8‰ for the last 27 years which was considerably more negative than lake water values. δ
18 O values of the groundwater samples were -8.7 and -8.8‰.
δ 13 C and δ 18 O of carbonates from sediment trap samples
For a better understanding of processes in the water column we used two different types of traps in different water depths. This enabled us to verify time lags between calcite precipitation in the surface waters and deposition at the lake bottom.
The amount of calcite in the Z-trap samples was small and some samples were too small for isotope analysis (Fig. 3a) . Values of δ Oxygen isotope values of calcite in the Z-traps exhibited a high variability over the period of investigation (Fig. 3b) . Similar to δ 13 C values, the oxygen isotopic values of several samples could not be determined due to lack of sufficient material, in particular, samples of the first and fifth interval (Tab. 2). δ 13 C values of calcite from S-trap samples showed several similar characteristics to those of the Z-traps (Fig. 4a) . Nevertheless, there were distinct differences.
Early spring values had a δ 13 C value of about -13.5‰ (pooled samples). Beginning at the end of March values decreased rapidly to less than -20‰ and finally reached -21.9‰ during the middle of May (Tab. 3). Thereafter, they varied between -4.6‰ and -2. 13 C cc values increased to 0‰, followed by a large but short-lived decrease to -11.5‰. From August until October δ 13 C values were high varying between 0.1 and 1.5‰.
The S-trap samples provided a high resolution record of δ 18 O for two complete annual cycles (Fig. 4b) . Due to the lack of sufficient sediment during times of reduced sediment fluxes, analysis of a few samples was impossible (e.g., October 2003 -February 2004 or samples had to be pooled (Tab. 3).
Calculated oxygen isotope equilibrium values based on measured surface water temperature and δ
18
O of water showed the same characteristics for both years of investigation with high values during autumn, winter and spring, and low values during the summer months. Expected equilibrium oxygen isotopic compositions ( 
Tab. 1. Carbon isotopes of carbonates from Z-traps (Z1 -Z6
Magnesium to calcium ratio
Magnesium to calcium ratios (Mg:Ca × 1000) of cylindrical traps (Z-traps) showed changes mainly during summer months and in autumn ( 
Strontium to calcium ratio
Strontium to calcium ratios (Sr:Ca × 1000) in Ztraps varied between 3 and 10.1 (Fig. 6 ). Similar to Mg:Ca ratios, values of Sr:Ca were lowest during early 
DISCUSSION
Stable isotopes of lake water
In general, in temperate regions oxygen isotopes of all continental waters reflect the isotopic composition of catchment precipitation (Gat 1981a) and groundwater values correspond to precipitation values during times of maximum infiltration (Gat 1981b; Fischer 1996 ). δ 18 O water of Sacrower See surface water was enriched in 18 O by evaporation in late summer (-1.3‰) relative to the rest of the year (-2.5‰; Fig. 2 ). The maximum dif- ference is 1.2‰. In contrast, the groundwater is much more depleted in 18 O (-8.8 to -8.6‰) than the lake water and about 1‰ more depleted than the long term weighted average isotopic composition of precipitation from the GNIP-station in Berlin (-7.8‰). Compared to the isotopic composition of precipitation and groundwater the water of the River Havel is less depleted in
18
O with -5 to -6‰ (Massmann et al. 2004) Grafenstein et al. (1992) recorded discrepancies between oxygen isotopic composition of precipitation to lake water of -1‰ in Ammersee and -3‰ in Starnberger See, both southern Germany (residence time 2.7 and 21 years, respectively). Eicher (1979) found a 2‰
O enrichment in the lake water versus groundwater in Gerzensee, Switzerland (residence time 4 years). Nevertheless, the enrichment of 6‰ in Sacrower See is comparatively large and not understood.
Stable isotopes of carbonates δ
18 O ca and δ
13
C of the S-trap and the lower Z-traps show a similar development with quite negative values in winter caused by resuspended authigenic material from the lake shore which did not include allochthonous carbonates and more positive values from July to October. Isotope values of calcites deposited in the surface traps in spring and summer are more positive than those of the deep water traps. This might be the result of time lags between precipitation of calcite in the epilimnion and its final deposition on the lake bottom (Bluszcz et al. 2008) . It is supposed that this may also be a result of different grain sizes of the calcites but has not been investigated. However, different processes may be at work. After times of maximum production and subsequent decomposition, low calcite saturation and anoxic conditions prevailed in the bottom waters. Partial dissolution of calcites occurred while settling through the hypolimnetic water column and only a minor fraction of total calcite from the surface waters reached the lake bottom (Bluszcz et al. 2008; c.f. Ohlendorf & Sturm 2001) . This could have influenced the isotopic composition of the calcites deposited. During winter oxygen and carbon isotope values were relatively negative (Fig.  4a, b) with a slightly more positive trend towards the deeper traps (Fig. 3a, b , intervals 2 and 7, except carbon in 2005). Since there was no calcite precipitation during these times, carbonates caught in the traps must be part of resuspended sediment. We hypothesize that very negative isotopic values in the traps during winter and early spring are the result of resuspension and particle dissolution. Little is known about the isotopic composition of lacustrine calcites affected by dissolution. Hitherto, there is no discussion on distinct changes of oxygen or carbon isotopic composition of lacustrine calcite during partial dissolution in literature. Skidmore et al. (2004) showed in laboratory dissolution tests that δ 13 C-DIC produced during hydrolysis of CaCO 3 was 7.8‰ lower than the bulk carbonate. Thus, carbonates affected by dissolution should have more positive δ 13 C and slightly more positive δ 18 O ca values than expected. This would be consistent with the results of sediment trap samples (Z-traps), where isotopic values increased with increasing depth which might be a result of increasing dissolution during autumn and winter.
Autumn and winter samples of 2003/2004 probably contain resuspended material from the shore line and from the two other lake basins (Bluszcz et al. 2008) . Hence, their δ 18 O ca and δ 13 C values are influenced by admixtures of calcite that was precipitated in the previous year mainly from littoral areas. As Sacrower See consists of three basins, where sediments are also laminated (unpublished data), resuspension from the profundal of these basins can be widely excluded. The second autumn and winter period (September 2004 until February 2005 was dominated by resuspension events, mixis and low calcite fluxes, too. During March 2005 a first peak of biological production occurs (Fig. 7a) . However, these samples probably are mixed with sediment from resuspension (Bluszcz et al. 2008 ) because stratification was not yet established. High contents of biogenic silica suggest that a diatom bloom occurred.
The pronounced mixis of the water body in early spring 2004 (mid-April) presumably resulted in the reestablishment of a common carbon isotope value of the dissolved inorganic carbon (DIC) pool for the entire lake. δ 13 C values of aquatic organic matter normally are in a range of -20 to -30‰ (Pearson & Coplen 1978) . During decomposition the large pool of 12 C is released into hypolimnic waters and this lower δ 13 C water is mixed with surface waters due to spring overturn. With increasing admixture of depleted bottom waters, precipitating carbonates in surface waters will become more depleted in 13 C following the trend in the inorganic carbon pool. During the following early phase of stratification in May, the consumption of CO 2 by aquatic plants and algae would lead to an enhanced transfer of atmospheric CO 2 into the surface waters (Chondrogianni 1992) . Together with photosynthesis which preferentially takes 12 C from DIC, leaving it enriched in 13 C, carbonates preciptated during these times show more positive carbon isotope values compared to summer.
In the early phase of active photosynthesis (April to May), calcite formation may be inhibited by high concentrations of phosphate ( Fig. 4c ; Niessen & Sturm 1987; Teranes et al. 1999a; Bluszcz et al. 2008) . After the decrease of phosphate concentration due to increased primary production, calcite crystals form very rapidly because of the high degree of supersaturation caused by phosphate-mediated inhibition. Fast crystal growth is dominated by kinetic fractionation, starts in isotopic disequilibrium with the ambient water, and O into the calcite lattice (Pearson & Coplen 1978) which in turn causes the observed low isotopic values. Together with the time lags estimated by comparison of the calcite fluxes for different traps between epilimnic calcite precipitation and deposition, as well as hypolimnetic dissolution, a stepwise shift towards more negative δ 13 C values is conceivable. The simultaneous increase of the biological production with its preferred uptake of 12 C causes an increase in 13 C of the DIC of the surface waters. Growing stability of lake water stratification prevents the mixing with 12 C released from deep water decomposition processes. With decreasing calcite supersaturation (c.f. Bluszcz et al. 2008) of the surface waters, calcite precipitation slows down which leads to carbonate precipitation near isotopic equilibrium. Together, these effects lead again to higher isotope values of cabonates precipitating later in the season.
In summer 2005, δ
C values decreased again because large quantities of 12 C were released during decomposition and were made available for uptake by algal production. We assume that the DIC-pool was enriched in 12 C and the fast calcite precipitation after uptake of the crystal growth inhibitor phosphate, leads to more negative δ 13 C values in the carbonates. From June until the beginning of July 2005 δ
C values increased because of the enhanced incorporation of 12 C in algal organic matter during epilimnic primary production. The increase is about 3.5‰ larger than in the previous year which is probably due to a higher production and higher total and calcite fluxes in 2005 compared to 2004 (Fig. 7a, f) . At the end of July O and δ 13 C became more negative. This is in concert with lake water stratification, the main phase of biological production and hence calcite precipitation. Calcite flux as well as organic matter flux recorded by the S-trap during both years of investigation differed significantly. In spring and summer 2005, calcite precipitation began early, its flux was high (52 g m -2 ) and had several distinct peaks. In contrast during the same time period in 2004 calcite flux was lower (15.1 g m -2 ) and more constant (Bluszcz et al. 2008) .
Similar to the studies of Schelske & Hodell (1991) and Hodell et al. (1998) at Lake Ontario, calcite accumulation and δ 13 C of carbonates at Sacrower See probably are controlled by interannual variability of the onset of lake water stratification. This in turn is linked to climate processes (e.g., air and surface water temperatures). It is assumed that regional climate patterns influence water column stratification (Bluszcz et al. 2008) and hence, the onset and characteristics of primary production, calcite precipitation rates and consequently the isotopic composition of the lake internal carbonates. (Fig.7a, b, f, g ). Besides biochemically precipitated calcite, the calcifying green algae Phacotus lenticularis which occurs in mass blooms in summer may influence the δ 18 O ca and δ 13 C value of the total calcite (Fig. 7c,f,g ). Phacotus amounts up to 50% of total calcite during summer 2005 and up to one third of the annual calcite flux (Bluszcz et al. 2008) . It is conceivable that so called vital effects similar to those of other calcifying species like ostracodes (Chivas et al. 1993) result in a species specific fractionation and thus may lead to more negative δ
18
O ca and more positive δ 13 C values. In the case of Sacrower See decreasing productivity is accompanied by decreasing calcite precipitation and increasing total Phacotus content. These conditions occur during summer of both years. Fronval et al. (1995) and Teranes et al. (1999a, b) state that trophic conditions might influence isotope ratios. Our results support this theory and in addition demonstrate that the delayed precipitation of calcite also causes positive carbon isotope ratios. Concerning oxygen isotope ratios more negative values beyond equilibrium were observed.
Reasons for oxygen isotope disequilibrium
During times of low calcite formation in the surface waters, the discrepancies between isotopic composition of resuspended or partially etched calcite and calculated δ 18 O ca values might be expected. There were differences between measured and expected δ 18 O ca values during the time period of calcite precipitation induced by photosynthetic activity. The differences were largest during early spring and smallest in summer (1.2 to 5.7‰); (Fig.  8a, b) . The difference in spring and summer implies that calcite did not precipitate in equilibrium with its ambient water. The disequilibrium is larger in 2004 than in 2005. Oxygen isotope values are outside of the calculated isotopic equilibrium. In 2005 a trend from nearly equilibrium values in summer to more depleted values in winter (Fig. 8c, d ) was detected. Spring values were influenced by crystal growth inhibition caused by high phosphate contents followed by fast crystal growth which caused isotopic disequilibrium. Thus, like in other lakes (Fronval et al. 1995; Teranes et al. 1999a, b) , high eutrophication limits the use of oxygen isotopes as a climate or environmental proxy. In Sacrower See isotope values are the result of a mixture of two carbonate species (bioinduced calcite/phacotus shells).
Element ratios
Element ratios showed opposite trends to oxygen isotopic values (Fig. 7d, e (Bluszcz et al. 2008) We assume that elevated Mg:Ca and Sr:Ca ratios of carbonates during spring are the result of the fast precipitation with kinetically controlled incorporation of Mg and Sr, whereas during slow calcite precipitation equilibrium process dominates and Ca is incorporated preferentially. Thus, the occurrence of phosphate as the inhibitor of calcite precipitation influences the amounts of Mg and Sr in the carbonates of Sacrower See. When photosynthetic activity and calcite precipitation continues and water column stratification stabilizes, Mg which is also an important nutrient for algae (Wetzel 2001) will be removed from the water causing average Mg:Ca ratios. Sr incorporation into calcite may occur with analogous mechanism. In most cases Mg:Ca and Sr:Ca can be used to track the salinity of a lake if it is a closed basin system (Lemcke & Sturm 1997) . In general, Mg:Ca of the lake surface water is several times higher than recorded in the carbonates, so that Mg:Ca of the carbonates records only relative changes in Mg:Ca ratios of the lake water (Müller et al. 1972) . Generally, the investigated element ratios are also influenced by the rate of photosynthetic activity and thus by the rate of calcite precipitation but to a still unknown degree. High calcite precipitation rates favour higher Mg:Ca and Sr:Ca ratios, especially in 2005 where all calcite flux peaks are mirrored in more or less distinct changes of Sr:Ca and to a lesser extent in Mg:Ca ratios.
As dissolution processes influence the precipitated calcites during deposition, Mg:Ca and Sr:Ca ratios may be altered significantly. During spring, Mg:Ca and Sr:Ca ratios of carbonates in the surface traps (Z1) are a few times lower than those of carbonates trapped near the bottom (Z6). Autumn and winter values are results of resuspension processes. During the main occurrence of Phacotus in late spring and summer element ratios were low, except during September 2005 when average ratios were observed. Thus, Phacotus may also have an influence on element ratios.
CONCLUSIONS
Oxygen and carbon isotopes as well as element ratios of lacustrine carbonates show a high interannual variability forced by lake internal and climatic parameters. With the help of high-resolution sediment trap data from different water depths, water chemistry, physical water parameters and climate data, we were able to detect seasonal responses and time lags between precipitation and deposition of calcite particles and their oxygen and carbon isotopic as well as their element composition. In particular the following conclusions can be drawn: (1) Similar to other studies (Fronval et al. 1995; Teranes et al. 1999a ) eutrophication marked by high total phosphate concentrations in the water column inhibits calcite precipitation in early spring and leads to an abrupt calcite precipitation in late spring which causes oxygen isotope fractionation in which the degree of disequilibrium is equivalent to the level of eutrophication. (2) Due to CO 2 release during decomposition of organic matter in the water column, calcites are partly dissolved which results in changes of their isotopic signature to slightly more positive values. (3) Element ratios show a signal which is consistent with the stable isotope results in most of the observed time period. Sr:Ca and Mg:Ca ratios mirror the δ 13 C and to a lesser extent the δ 18 O ca signal during the main phase of calcize precipitation in spring. We hypothesise that salinity controls the amount of Mg and Sr in calcite crystals. Therefore sediments should record the degree of salinity in surface waters. Similar to stable isotope ratios, element concentrations in calcite crystals were altered by resuspension and dissolution processes during deposition. (4) The fractionation of isotopes in the calcite shells of the calcified green algae Phacotus lenticularis may be different from those of the authigenic calcite ("vital effects"). This in turn would result in an altera-tion of the isotopic signal determined from total inorganic carbon (authigenic calcite and Phacotus shells). Our results show a coincidence between the occurrence of Phacotus and slightly more positive δ 18 O ca as well as more positive δ 13 C values. Low Sr:Ca and Mg:Ca ratios of calcite were observed during the main occurrence of Phacotus between end of May and July. (5) Onset and stability of lake water stratification during spring and summer influences the biological production, and hence also the beginning of calcite precipitation and sediment flux which in turn affects stable isotope ratios. Thus, stable isotope ratios of carbon and oxygen possibly might be a proxy for the onset and stability of lake water stratification in Sacrower See. As stratification is mainly controlled by air temperature and insolation, these parameters also influence stable isotopes and element ratios.
Concerning oxygen and carbon isotopic composition of carbonates in eutrophic lake systems, interpretation of these values should be undertaken with care because of the possible disequilibrium. It is essential for the interpretation of the paleorecord that the role of Phacotus and its isotopic fractionation is known. Hitherto we were not able to isolate phacotus shells from the total carbonate to ascertain its isotopic composition. For further studies it would also be of great value to determine the carbon isotopic composition of the dissolved inorganic carbon (DIC) fraction as well as Mg and Sr concentrations of the lake water for comparison as at the moment we only can presume these values.
